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Section S1. Basic magnetic, magnetoresistance, and thermoelectric property characterization Section S2. Estimation of the resistivity for the CoNi/Cu NW network Section S3. Expression for the diffusion thermopower in the two-current model Section S4. Relationship between the field-dependent thermopower and electrical resistance Section S5. Data on magneto-Peltier Section S6. Experimental measurement uncertainty evaluation References (40) (41) (42) Section S1 Basic magnetic, magnetoresistanc and thermoelectric propert characteri ation Magnetisation curves were obtained using an alternating gradient field magnetometer (AGFMLakeshore) with a maximum applied field of ± 10 kOe. The magnetic and magneto-transport measurements were conducted at room temperature with the applied magnetic field along the out-of-plane and in-plane directions of the NW network films. All the samples in the present study appears to be nearly magnetically isotropic, as observed from the corresponding hysteresis loop and magneto-transport curves shown in fig. S1 for the interconnected network made of CoNi/Cu NWs 80 nm in diameter and 3% packing density. This behaviour corresponds to the one expected using magneto-static arguments when considering similar magnetic and nonmagnetic layer thicknesses for parallel nanowire arrays (40). Although more complex magnetic interactions should occur within the CoNi/Cu NW networks with large packing factor (22%), the samples also exhibit isotropic behaviour.
Section S2 Estimation of the resistivity for
CoNi/Cu NW network Using the measured residual resistivity ratio RRR = ρ P (295 K)/ρ P (10 K) for the 3D NW network samples in the parallel state, and considering a simple series resistance model for the multilayer as well as the Mathiessen's rule to separate the effects of thermally excited scatterings (phonons, magnons) and defect scatterings (assuming that the interface resistance is independent of the temperature), the approximate expression for the room temperature (RT) resistivity is given by
where t NM and t FM are the thicknesses of the non-magnetic and magnetic layers respectively, . the thermally excited scatterings can be neglected at T = 10 K (i.e., ρ P (10 K) ≈ ρ 0 P ) and t NM ≈ t FM , the above equation can be expressed in the form
so that it can also be easily obtained that
Using the RT resistivity values for these metals and alloys (41) 
Section S3 Expression for the diffusion thermopower in the two-current model
Assuming that the layers of the magnetic multilayers are thin compared to the spin-diffusion lengths, we may use the simple two-current model, for which separate resistivities ρ ↑ and ρ ↓ and Seebeck coefficients S ↑ and S ↓ are defined for majority and minority spin channels ( 4 , 11, 21 ).
Therefore, according to the usual rule when the currents split to flow along two parallel paths, the corresponding thermopowers S AP and S P are simply given by (11)
and
In addition, using the two equations above the magneto-thermopower MTP = (S AP − S P )/S AP can be expressed as MTP = 2βη/(1 + βη) where
denote the spin asymmetry for resistivity and Seebeck coefficients, respectively.
.
Section S4 Relationship between the field-dependent thermopower and electrical resistance
In this section, we present additional results that demonstrate that the thermopower is dominated by electron diffusion over the whole temperature range investigated. Defining the diffu-
the Lorenz number and ρ (H) = (dρ(H)/d ) = F the derivative of the electrical resistivity with respect to the energy, evaluated at the Fermi level, one can write
Then combining these 2 equations, the following expression describing the inverse relationship between the field-dependent thermopower and electrical resistance can be easily obtained
where
This expression corresponds to an equivalent form of the Gorter-Nordheim relation for diffusion thermopower in metals and alloys (18) and has been observed at different temperatures in the interconnected network made of CoNi/Cu NWs 80 nm in diameter and 3% packing density, as shown in fig. S2 .
Section S5. Data on magneto-Peltier
To separate the contributions of the Joule and the Peltier effects that take place simultaneously, two distinct measurements, one with forward and an other with reverse current polarity, are considered. The temperature changes near the junctions between the NW network and the . gold electrodes are extracted by measuring the resistance of the two Cernox thermometers A and B integrated into the device, as depicted in Fig. 2B , at a resolution of about 1 mK. Hereafter, we show only the results obtained using sensor B, while similar results were found using sensor A. In absence of an external magnetic field (H 0 ), the measured net temperature change relative to the working temperature (T = 320 K), ∆T + and ∆T − , corresponding to a positive and a negative DC current, respectively, can be written as
with ∆T J and ∆T P , the temperature change due to the Joule and the Peltier effect, respectively.
Eqs. (9, 10) simply lead to Figure S3 shows the Peltier temperature vs DC current from which one can extract the Peltier cooling/heating capacity of out sample, namely about 7.5 K/A, depending on the current polarity.
When a magnetic field H is applied to the sample, the measured temperature changes ∆T +,H and ∆T −,H relative to the zero-field (H 0 ) measurements for a positive and a negative DC current, respectively, can be expressed as follows
with MR H and MΠ H , the magneto-resistance and the magneto-Peltier ratio at a given applied magnetic field H, respectively. Solving the linear systems of equations (13, 14) yields The results presented in fig. S4B and Fig. 4D are consistent with the intuitive relation yielding characteristics of the form ∆T ± = RI 2 ± ΠI, with the linear dependence vs the supplied current for the Peltier term and the quadratic behaviour for the Joule term.
The computation of the error bars is subject to the standard combination of the root-meansquare errors of the basic variables, here the tensions and the temperatures measured. Once the system reach the steady-state, 1000 tension or temperature measurements are taken to estimate the standard mean deviations (σ) of each measurements. The estimated standard deviation of the tension measurements (σ ∆V ) used for the computation of the resistance R and the Seebeck coefficient S was taken for different sample resistances and later interpolated for the sample resistance measured at any temperature and magnetic field. The error, or uncertainty, considered for these variables is set to 2 times σ (gathers 95% of the data variation) from the mean values.
The rigorous combination of the different errors give rise to the uncertainty of the parameters shown in our graphs. For instance, the error over R at any temperature and at a magnetic field H is computed as
where ∆V H is the measured tension differential at the sample edges, ∆V err (R H ) is the error of the tension differential measurement for the sample resistance R H , I is the injected current and I err is the error over the injected current given by the current source specification. At room temperature, the maximum error over R H is found to be 0.6 Ω for the interconnected network made of CoNi/Cu NWs 80 nm in diameter and 3% packing density.
Similarly, the error over S at any temperature at a magnetic field H is computed as
where S Cr,err is the error of the Seebeck coefficient of the chromel connection wires, ∆T err is the error over the temperature difference measured with the thermocouple, ∆V res and ∆T res are related to the residual voltage of the sample and the thermocouple, respectively. At room temSection S6 xperimental measurement uncertainty evaluation . E perature, the maximum error over S H is found to be 0.4 µV/K for the interconnected network made of CoNi/Cu NWs 80 nm in diameter and 3% packing density.
The error over MR, MTP and MPF at any temperature can later be computed as
Finally, the error over S ↑ and S ↓ at any temperature is computed as
For the Peltier measurements, the computation of the error bars is also subject to the standard combination of the root-mean-square error of the basic variables, here the temperatures measured by the two Cernox sensors. Once the steady-state of temperature is reached, 100 temperature measurements are taken and the temperature reported for the parameters ∆T + , ∆T − , ∆T +,H , and ∆T −,H correspond to the mean over the 100 measurements. The error, or uncertainty, considered for these variables is also set to 2 times the standard deviation σ (gathers 95% of the data variation) from the mean value and writes ∆T +,err , ∆T −,err , ∆T +,H,err , and ∆T −,H,err , respectively. The rigorous combination of the different errors give rise to the uncertainty of the parameters shown in our graphs and can be computed as follow 
The uncertainty of ∆T H shown in Fig. 4C and 4D, respectively, but also in fig. S4A and S4B, is evaluated by combining Eqs. (29) and (31) (15), and the Peltier term leads to heating or cooling, depending on the current polarity, as extracted combining Eqs. (12) and (16). B, Measured total temperature changes ∆T Hsat between the zero-field (T H 0 ) and saturated states (T Hsat ) vs current intensity applied both forward and reverse as extracted combining Eqs. (11) and (17) for the Joule contribution and combining Eqs. (12) and (18) the Peltier contribution. The error bars reflect the uncertainty of the temperature measurements as described in section S6.
